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(57) ABSTRACT 

'llie invention reUics io capillary eJectrophomjic mclfiocb 
for delecting ligands or hii compounds that can bind lo 
sel&clcd largei al or above a selected bindiag streogith. Tlie 
meihcxd jillov^ one ro rank various ligaod^ ba^^ed oa iheir 
rclaiivc aJEnity, i.e., the relative stability of ihc lacgeVlig^nd 
complex during capillairy elccirofphoresis uoder selected 
conditions. The method also enables selective detection of 
sicong-to-moderatc binding hit compounds, even in the 
prt:.5CQC5e of high concemraiiofls cf wenkcr, coaipciitivc hit 
coni pounds. 

2S Claims, 7 DrBwiog Sheets 
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CAPItlARY ELECT ROraORETIC METHOD 
TO DETECT TAftGET-BINDINC; LIGANDS 
AND TO DETERMINE THEIR REI ATIVE 
AFFINITIES 

This application claims the bcnefii of Provisional appli- 
cation ScT, No- 60/068,781, filed Dec- ^4, 1997. 

n£LD OF n-iE INVE^moN 

Tliis invcDiion relaxes generally to ihc discovery of new 
regulatory compounds, drugs, atid/or diagnostic agents. In 
particular^ il relates lo cspillary elccirophoreiic metbods for 
delecting ligauds binding to a knO^a target molecule, and 
for dclcnijinidg the rclalive siaDilitics of ligand/iargci 
complexes, thereby allowiflg ihc ranking of dlffcrcul ligHnd$ 
according lo iheir relative binding sireo^hs lo a comnrton 
target- 'ITac invcniioo encompasses meihods of detecting 
modcratc-io-5ir0ng biAdio^ ligands in mixtures ihat ako 
have much higher conccnlraiions of compcliog, weaker- 
binding hgands- 

BACKGROUKD OF THE INVENTION 

Developing screens to idcniify new biologically itctive 
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wbeo incubaiing largcl and known, lighl-binding hgand 
toG^eihcr, so \hai the known, li^M-bindiag ligand can dis- 
place any we^iker-biading hii, prior to CE- This mixture is 
subjected to capillary elecirophorcs.i?> and the migralion of 
the known, charged Jigand L<i tracked. (Thus, this oiclbod is 
useful when the tsrgei not easily deieaed during CE-) Any 
difference in the known, charged ligand's migrauon pattern, 
when in The presence of both the Ur^ei and a complex 
biological cnaierlal sample, rn>in ihc known ligand's migra- 
tion paitem when in ibc presctKC of the urget alone, 
inciicateA tlie prescpctj of a candidiiie^ unidentified target- 
binding ligand in That sampled- 

(4) In another coEDpctiiive binding umbodlineni of WQ 
97/22000, the largci's migration is tracked and the CE 
running buCfer contains a known, weak-binding, cocnpetitivc 
ligaod- The target is mixed with a sample, and an aliquot of 
the mixtiATc is sul)jecied (o CE in ihe presence of a known, 
relatively weak, target-binding 'competitor' ligand in the CE 
running buffer. Ttc migration of ihelargci is tracked dining 
CE. 'fhc reference standard is the migration of a target plug 
alone in the known ligand -containing CE bwfEcr, i(s migra- 
lion being shiDed by its weak, reversible binding to Ihc 
known ligand dispersed in the CE buffer, as compared to the 
target's migralion alone lig,and'frce buffer. Thui competitive 



compounds car, P'^^}"'t^^.^J'^^ " scr«QiDg method caDcletccl a light-binding hit compound in 
. espcailly when stieemng complex matenals, paruculady , h»«.,c^ ih« w.t single nr. the 
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1*'complex biological materials": any malctial thai may have 
an effect in ^ biological system. Examples include, but are 
not limited lo: naturally occurring samples, products or 
extracts variotis biological preparations; chemical mixtures; 
libraries of pure compounds^ and combinatorial libraries. 
Example* of major screening problems include: deiecunj^ 
potential hit compounds that bind lo a target of intcrcsi, 
especially Ugands present at low concentrations in screened 
samples; accfmniitig for unknown components that can 
interfere with screening agents; and determining the relative 
value of screened j^amples for further investigative efforts. 
M well, high conccnlralions of a weak or several weak, 
competing bindBr(s) can mask the sigivil from a moderatc- 
lo-strting lut compound occvrringat alowcrconcenlraiion in 
the same sample. 

Recently, the use of capillary elect ri3phore$i<i techniques 
has faciHiated and Improved the pmcess of screening for 
unknown, biologic^dly active compounds. For example, WO 
97/22000 cacompiisses four broad embodiments of a capil- 
lary elcciropho/etic screening method, as follows. 

(1) hi a Don-compciitivd embodiment of WO 97/22000, a 
largcl and complex biological sample arc mixed together, 
then an aliquot of thai laTgei/samplc mixture is subjected to 
capillary electrophoresis (CE), and the CE niigralion of the 
target is tracked. The target's mi&^aiion paliera under these 
condhions arc compared against a reference standard, typi- 
cally the unbound target's migration pattern in the absence 
of any target -binding ligaod- 

(2) In a non-com pelitive, ^btr active analysis embodi- 55 
meol of WO 97/22000^ a target and sample arc mixed 
together and then subjected to CE- 'Ibc migration pattern of 
this mixture is compared to the migralion pattern of a sample 
of ihc complejc biological material alone. Any difference 
between the two migration p5iltcrns snggesls the presence fn go 
the sample of a hit coQipOUOd thai can bind to the target. 

(3) One competitive binding embodiment is provided in 
WO 97/22000, which tracks known, charged ligand; The 
target IS firsi mixed with a complex biological material 



a UT^i/natural sample mixture, becatisc Ihc hit binds up the 
target for the enKre CE and prevents the target's inter- 
action with the known wcak-bindicg 1ig;and in the buffer. 
Tlierefore, the CE raigrdiion pattern of Ibc target in the 
^ samplc/targcl ab'quot would shift back to the target's migra- 
lion position as il would be in Ugaod-frce running buffer. 
This method, looi, particularly useful when the unbound 
target is not easily detected in ligand-free buffer during CE- 
While WO 97/22000 provides useful CE screening 
methods, they do not completely solve the screening prob- 
lems listed previously. 

'fbercforc, ihcre remains a need for rapid and cost- 
effective screening tools for diiit:overing new bioactivc com- 
pounda and potential regulatory compounds Ihat bind to 
essential molecules of key metabolic pathways. Also needed 
is a way of prioritizing candidate ligands and samples^ of 
material for further characterization. The present Invention 
addresses these needs, by providing: a means of detecting 
unknown ligands ibai may be candidate, new, bioactivc 
compound^ a mcanft of ranking screened i^amples detected 
to contain candidate hit compounds or ligauds» according to 
their relative binding &ireogths and value as potential 
sources of regulatory and diagnostic compounds; and a 
means of idenlifying effective and valuable, strong or 
moderate, target-binding ligands in the pnssence of weaker, 
competitive binders. Identifying and ranking those ligand- 
contaioing samples thai form the most stable complexes 
with the selected target, saves liiiie and resources spent on 
further isolation and chsracierization of hit compounds. The 
most stable ligands arc poieniially more etTcCtive and valu- 
able as therapeutic, regtJlaiory and/or diagnostic compounds 
aud drug^. 



SUMMARY OF TOE lNVE>mON 

The present invention provides: (1) a means to screen for 
target-binding ligands "f a desired binding sircuglh, in 
complex biological and other materials and mixtures: (2) a 
means to screen for the ligands or hit compounds of* the 



sample and then with a knOwn, charged ligand that binds 65 desired alEnity, even in ihe presence of wcak-bindrng 
tightly 'to the target, Lo form a sampWtargcl/known bg^nd ligands in mixlure.s; and (3) a means lo rank hu compounds 
m'ixturc.Tliis method uses an essenliaUy equilibrium seuiog according to their relative af&nttics AW a.speci3 of ibe 
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able lo effect various ch^^gcs, subsii in lions of equivalents, 
and other modificalioos lo ihc meihfwJs and compc^sitions set 
forlh herem- 

Whii is chinked is: 

1- A method lo ddcci, m a sample of complex biological 
maicrial, any candidate h\l eompound ihat bind^ to a sclecied 
largct at or above a stlccicd binding siretjgih and to deier- 
mine a siabiliiy, during capillary clecirophorcsis, of any 
target/hit comjKjuDd complex detected, wherein ihe stability 
is determined to ideniiry a relative afBuity of a hit 
compound, said meihod conipfiiing, in the otdcr given, ibc 

slops of: 

(1) providing a picdctermine;d coacenirvitioD ol a selected 
target; 

(2) providing, a ^mple of complex biological ma(crial; 

(3) mixing the target vwilh the sample to form a largei/ 
sample mi3nurc and iucubflling the largcl/samplc mix- 
ture; 

(4) injecting an aliquot of the largct/sampk mixture into 
a capillary clcctropborcsis in^jinimem comprising a 
capillary having; a single detection point; 

(5) subjecting the targct/samplc aliquot to capillary elec- 
trophoresis under a set of conditions to detect any hit 
cornpoimd in the sample that binds lo the taigct at or 
above a selected binding sircngtli; 

(6) iracldDg a capillary clccttophorctic migration of ibc 
target in the injected largct/sampltj aliquot at Ihc delec- 
iion point in the capillary electrophoresis instrunjent; 

(7) repeating steps; (4)-(6) oijc or more times, wherein 
each performance of steps {5)-<6) uses a 6i£krtn( set of 
conditions for a difficreul selected binding sirtnglh, 
wherein each injected largel/Aampic aliquot undergoes 

a diffcrcni capillary elct:iropbore;>i5 run time from 
other injected targei/sample aliquoi(s), thereby gen- 
erating multiple capillary clcctrop heretic profiles, of 
the same target/sample alitjuol, 
wherein the different conditio iif» arc opting ized so that 
any complex; l>eiwccu the largct and any candidate 
hit compound at or above each selected binding 
strength, generates a different rejjuli in tracking the 
capillary clcctrophorctic migration as in step (6); 

(8) detennining whether at least one capillary clectnl)- 
^phoretic proljle of the laiget generated from step (6), 
when compared to a reference standard, indicates a 
presence of any hit eompound(s) binding to ihe target; 
and 

(9) determining the slabiliiy^ during capillary 50 
eleetrophorcsis, of any targct/bii compound 
ccmplex(cs) deiecled, by comparing the multiple cap- 
illary eleciropboretic profiles. 

2. The method of claim 1, each repeal of step (4) com- 
pri«nng pushing each injected laigci/saaiplc aliquot lo a 
different starting point in the capillary prior to capiU«ry 
electrophoresis, by prcssure-injcclins an aliquot of capillary 
electrophoresis running bullcriato the capOlary behind the 
injected target/sample aliquol, wherein the runnino bufifcr 
aliquot ditTcrs in amount for each repeat of sicp (4), 

3- A method lo detect, in a sample of complex biological 
material, any Candida ic bit compound thai binds to a .selected 
largci ai or above a selected binding strength and lo deter- 
mine a stability, during capillary electrophoresis^ of any 
largcl/hii compound, complex delected, wherein the slabiliiy es 
isdeiennined to ideoufy relative aJEniiics of hit compounds, 
said method comprising, in the order given* the i^leps of: 
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(1) providing a predetermined cooccntoailon of a selected 
taigei; 

(2) providing a sample of complex bioUigicai material; 

(3) mixuig the target with the sample to fornj a target/ 
Sample mixture and incubating the target/sample mix- 
ture; 

(4) sequentially injecting multiple aliquots of Ihc target/ 
Sample mixture into a capillaiy electrophoresis instm- 
mcnl comprising a capillary having a single detection 
point, such that the multiple Urget/sample aliquoia are 
spaced apart along an axis of the capillary; 

(5) Subjecting the multiple largei/samplc aliquoLS within 
the capillary simulianeously to capillary 
electrophoresis, under condiuons to detect any hit 
compound in Ihc sample that binds to the target, so thai 
a detectable arooui]! of any complex formed in the 
multiple target/sample aliquoLs between the target and 
any candidate hit bind?Tig lo the target at or above a 
selected binding strength of each target/sample aliquot 
undergoes a different capillary electrophoresis run tirnc 
before reaching the deled ion point; 

(6) tracking, at the detection point, a capillary eleclro- 
phorctic migration ofihc target in each of the multiple 
largcysample aliquots, thcrctiy generating different 
multiple capillary clcctrophorctic profiles of the target/ 
sample aliquot at diflfercnl capillary eleciropboretic run 
times; 

(7) determining whether ai least one capillary clectro- 
phoreric profile of the targti generated fiom step (6)^ 
when compared 10 a reference standard ^ indicates a 
presence of apy bit compound(s) binding to the target; 
and 

(8) determining the stability, during capillary 
electrophoresis, of any targct/liit compound comple;^ 
(es) delected during step (6)^ by comparing the multiple 
capillary cleclrophoretic profiles. 

4. Tbc method of claim 3, step (4) further comprising 
presaire -injecting an aliquot of capillary electrophoiesis 
running buffer inio Ihe capillary behind each injected target/ 
sample aliquot, to place each injected target/sample aliquot 
at a different stariiag point in the capillary, prior to the 
capillary clccU-uphorcsis step. 

5. The method of claim 3 or 4, wherein an aliquot of 
capillary electrophoresis running buffer is pressure-injected 
into the capillary immediately behind a last injected target/ 
sample aliquot, prior to capillary electrophoresis, to push ibe 
last injected target/sample aliquot lo a desired starting point 
in the capillary. 

6. A method to detect, in a sample of complex biological 
material, any candidate hit compound that biada to a selected 
target at or above a selected binding streqgdi and to deter- 
mine a stability, during capill'ary ctcciropborcsis, of any 
laigct/hil compound complex detected, wherein the stability 
is determined to identify relative affinities of hit compounds, 
said method comprising, in the order given> the steps ofc 

(1) providing a predetermined concentration of a selected 
target: 

(2) providing a sample of complex biological material; 

(3) mixing the target with the sample to form a target/ 
sample miiciure and incubating ibe target/sample mix- 
ture; 

(4) injecting an aliquot of the large t/samplc mixture into 
a capillary electrophoresis lostramcot comprising a 
capillaiy having multiple detection points; 

(5) subjecting the target/sample aliquot to capillary elec- 
trophoresis under conditions to derect a hit compound 
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